Vinorine is one of the structurally simplest indole alkaloids of the ajmaline class and is relatively widely distributed in Rauwolfia species. The alkaloid has been isolated from R. balansae spp. In a preliminary communication we described re cently the cell-free synthesis of vinorine by a p re purified enzyme extract obtained from cell suspen sion cultures of R. serpentina Benth. pounds. Meanwhile the synthase has been partially purified and characterized. In this paper we report in detail on the purification of the enzyme, its proper ties and the kinetic data of the catalysed reaction and we discuss the biogenetic significance of vinorine. 
Introd uction
Vinorine is one of the structurally simplest indole alkaloids of the ajmaline class and is relatively widely distributed in Rauwolfia species. The alkaloid has been isolated from R. balansae spp. balansae Boiteau [1] , R. balansae spp. schum anniana var. basicola Boiteau [1] , R. perakensis King. Gamble [2] , R. serpentina Benth. (plant cell culture) [3] , R. sevenetii Boiteau [1] , R. spathulata Boiteau [1] and R. verticillata Chevalier (plant and cell culture) [4] .
In a preliminary communication we described re cently the cell-free synthesis of vinorine by a p re purified enzyme extract obtained from cell suspen sion cultures of R. serpentina Benth. [5] , This new Rauwolfia enzyme, which catalyses the ring closure of 16-epi-vellosimine by an acetyl-coenzyme A de pendent reaction leading to vinorine, was nam ed vin orine synthase (Scheme 1). It is this enzyme which links biosynthetically sarpagine with ajmaline al kaloids in R. serpentina and therefore occupies the key position in the biosynthesis of the latter com-pounds. Meanwhile the synthase has been partially purified and characterized. In this paper we report in detail on the purification of the enzyme, its proper ties and the kinetic data of the catalysed reaction and we discuss the biogenetic significance of vinorine. 
R esu lts

Isolation and purification o f vinorine synthase
From 0.4 kg cultivated R. serpentina cells vinorine synthase was extracted with 0 .1 m potassium phos phate buffer. A five-step purification procedure comprising ammonium sulphate precipitation, D E A E cellulose, AcA 54, hydroxylapatite and phenylsepharose chrom atography resulted finally in a 160-fold enrichm ent of the enzyme activity. The overall recovery of enzyme during this procedure was 57%. The data for the enzyme purification are summarized in the Table. To m onitor the individual purification steps a standard assay for vinorine syn thase activity was developed based on the enzymatic generation of the substrate 16-epi-vellosimine from polyneuridine aldehyde by the known polyneuridine aldehyde esterase [6] Purification of the synthase preparation from D E A E chrom atography on a hydroxylapatite col umn rem oved a further Rauwolfia enzyme, poly neuridine aldehyde esterase. Vinorine synthase is not bound to hydroxylapatite. The final 160-fold en richm ent of the synthase was achieved on a phenylsepharose column by elution with decreasing KC1 concentration (0.5-0 m ) and simultaneous in crease of ethylene glycol (0-50%) as shown in Fig. 2 . 
Properties o f vinorine synthase
The vinorine synthase reaction was absolutely de pendent on protein and gave a typical saturation curve and norm al M ichaelis-M enten kinetics for 16-epi-vellosimine (Fig. 3) and acetyl-coenzyme A (Fig. 4) . For both substrates double-reciprocal plots of enzyme activity and substrate concentration showed the linear relationship (Figs. 3, 4 Vinorine synthase showed a clear pH optimum at pH 8.5 when enzyme activity was determ ined under standard conditions (see experim ental part) in diffe rent buffer systems (Fig. 5) . The enzyme tolerates a broad pH range from pH 5 to pH 10 and has a tem perature optimum at 35 °C (Fig. 6) . The isoelectric point of the enzyme was pH 4. chromatofocusing m ethod [7] . D eterm ination of the relative m olecular weight of vinorine synthase by gelchrom atography on a calibrated A cA 54 gave a value of 31000 ± 8% D alton assuming a globular shape of the enzyme.
Substrate specificity o f the synthase
Substrate acceptance of the enzyme was examined using a variety of sarpagine type alkaloids bearing a C-16-aldehyde group and [3FI]acetyl-coenzyme A as co-substrate. None of the alkaloids with a C-16 (R) stereochem istry e.g. vellosimine act as a substrate for the ring closure to ajm aline alkaloids. O f six al kaloids exhibiting an endo aldehyde group (C-16, S) only two were cyclized by the enzyme, 16-epi-vellosimine and its 11-methoxy derivative (gardneral). For the latter com pound a K m value of 39 (am (Knax = 4.3 pkat) was determ ined. Alkaloids of the same type, but N a-m ethylated (21-deoxyajmalal A, m ethylgardneral) or bearing a carbomethoxy group in addition to the aldehyde function at C-16 (polyneuridine aldehyde, voachalotine aldehyde), were inactive in respect to the catalytic activity of the synthase (Scheme 2) when substrate concentrations were used between 2.5 and 100 [am, acetyl-CoA and 5 pkat enzyme. Co-substrates other than acetyl-CoA, such as m alonyl-CoA, benzoyl-CoA, coumaroylCoA or oleoyl-CoA were also not accepted nor did they show an inhibition of enzymatic vinorine form a tion.
The enzymatic ring closure of ll-m ethoxy-16-epivellosimine (gardneral) gave a new indolenine al kaloid, 11-methoxyvinorine, as dem onstrated by its mass spectral data. Enzymatically formed vinorine showed identical spectroscopic data (UV, MS, 'H-NM R) as found for the chemically synthesized al kaloid from acetyltetraphyllicine or for vinorine iso lated from R. serpentina cell cultures. Optical rota tion values of the three vinorine preparations also were identical, [a]n = 30 ° ± 3 °.
The enzymatic synthesis of vinorine was not inhi bited by the pathway endproducts sarpagine and aj maline in standard incubations containing up to 1 m M concentrations of both alkaloids.
Investigation o f the mechanism o f vinorine formation
Because of the relative instability of 16-epi-vellosimine these experim ents were carried out with gardneral as substrate. W hen under standard incuba tions (5 pkat vinorine synthase) the catalytic activity of the enzyme was investigated dependent on gard neral in presence of different concentrations of the co-substrate acetyl-CoA (Fig. 7 ) or vice versa (Fig. 8) , the double reciprocal plots gave a set of curves intersecting the abscissa in the same point as observed for enzyme kinetics where a ternary enzym e-substrate-cosubstrate complex is formed.
M oreover experim ents were carried out with the endproduct coenzyme A to m easure the inhibition of point, dem onstrating for both substrates a competi tive inhibition due to the presence of CoASH.
Feeding experiments with [3H-acetylJ-and [14C-acetyl] vinorine
In vivo feeding was conducted with 17-O-acetyl labelled vinorine which could be easily synthesized from polyneuridine aldehyde, the corresponding polyneuridine aldehyde esterase, vinorine synthase 
D iscu ssion
M onoterpenoid indole alkaloids of the ajmaline class are widespread in the genus Rauwolfia [8] . So far 53 different alkaloids of this group have been isolated from some plant species [9] . Among them is the pharmacologically im portant com pound ajm a line. The typical structural feature of all these com pounds is the characteristic ajm alan bond between C-7 and C-17.
During the last three years we have detected sever al enzymes involved in the biosynthesis of ajmaline and the biosynthetically related sarpagine alkaloids by using cell suspension cultures of R. serpentina. One of these enzymes, which catalyses the formation of the above m entioned bond and therefore the key step in the biosynthesis of the ajm aline skeleton, was named vinorine synthase (EC 4.1.2.-). The properties of this enzyme and the biogenetic significance of the enzyme product vinorine are described in this paper. Cultivated cells of Rauwolfia serpentina which synthesize 15 m ajor alkaloids of the ajmaline and sarpagine biosynthetic pathway are an efficient source for many of the assumed alkaloidal biosynthe tic interm ediates [3] . Four of the ajmaline type com pounds exhibit a 17-O-acetyl group e.g. the indolenine alkaloids vinorine or vomilenine. These acetylated alkaloids were previously also detected in Rauwolfia plants [10, 11] and coupled with the obser vation that 17-OH indolenines are unstable [12] we assumed acetyl-coenzyme A to be directly involved in the form ation of the C-7, C-17 bond of vinorine. M oreover, the recent isolation of polyneuridine alde hyde esterase allowed the synthesis of the new alka loid 16-epi-vellosimine [6 ] which has the indispen sable steric requirem ent (16-S configuration) for the generation of that bond. Indeed, incubation of a crude enzyme mixture, 16-epi-vellosimine and acetyl-CoA yielded traces of vinorine identified by TLC, UV, MS and 'H -N M R [5] , Incubation experi ments with denatured protein clearly established this form ation to be enzyme catalyzed. By a five step purification procedure including ammonium sul phate precipitation, D E A E , A cA 54, hydroxylapatite and phenylsepharose chrom atography m onitored by an enzyme assay with [3H]acetyl-CoA, vinorine synthase could be enriched 160-fold with an accept able yield of 57%.
Acetylajm alan esterase, an enzyme hydrolyzing the 17-O-acetyl group of vinorine and obviously in volved in the late stages of ajmaline biosynthesis, could be completely separated from vinorine syn thase by the first purification step using ion exchange chrom atography. A fter this step vinorine is stable in the presence of the remaining enzymes which would explain the isolation of only trace amounts of the alkaloid from incubation mixtures containing crude enzyme preparations with acetylajmalan esterase activity. Chrom atography on hydroxylapatite then removed polyneuridine aldehyde esterase from vino rine synthase quantitatively and allowed a detailed investigation of the substrate specificity of the syn thase including also polyneuridine aldehyde.
As illustrated in Scheme 2 enzyme activity was tested with six alkaloids having the required C-17 stereochem istry (endo configuration of the aldehyde group) for the ring closure reaction. Exclusively two alkaloids were accepted by the enzyme, 16-epi-vellosimine and its 11-methoxy derivative (gardneral). The form er alkaloid is clearly preferred by the en zyme as dem onstrated by the low K m value (19.4 ^im) whereas gardneral gave a K m of 39 |xm. G ardneral was transform ed into 11-m ethoxyvinorine which so far has not been detected as a natural compound. This result indicates that the synthase might be not strongly selective for aryl substituted alkaloids and that substitution at the aromatic ring might be an earlier process in the biosynthesis of appropriate ajmaline type compounds. The corresponding Namethyl compounds, 2 1 -deoxyajmalal and methylgardneral, do not act as progenitors of their correspond ing indolenine alkaloids, a fact which supports our previous conclusion, that Na-methylation is a late step in ajmaline biosynthesis [13] . Similarly, poly neuridine aldehyde and its Na-methyl congener voachalotine aldehyde, both of which still carry the carbomethoxy group at C 16, were not cyclized by the synthase (Scheme 2). In complete agreem ent, the expected indolenines are not known to occur natural ly, but their 1,2 -hydrogenated derivatives quebrachidine and vincamedine have been isolated from A spidosperm a quebracho bianco Schlecht [14] , Cabucala species [15, 16] , A lstonia spectabilis R .B r. [17] , Vinca libanotica Zucc. [18] and from V. m ajor L. [19] , V. difform is Pourret [20] resp.
These results dem onstrate a high substrate specificity of vinorine synthase and indicate that in the above m entioned plant species a different en zyme must be responsible for the cyclization reaction in the biosynthesis of alkaloids of the quebrachidine group. W hen 16-epi-vellosimine was incubated with vinorine synthase in the presence of malonyl-, ben zoyl-, coumaroyl-or oleoyl-CoA instead of acetylCoA, ajmaline type alkaloids were not synthesized, which again supports the specificity of the enzyme. In addition to that, the activated esters did not show an inhibitory effect on vinorine formation.
In a plausible sense, the enzymatic vinorine syn thesis could involve 17-hydroxyvinorine as a biosyn thetic interm ediate [9] . 17-hydroxyindolenines, how ever, have not been detected in plants or cell cul tures. They also were not isolated during the chemi cal synthesis of related alkaloids from sarpagan alde hydes by acid catalysis [12] . These com pounds can however be trapped as derivatives by reduction of the 1,2-double bond or by acetylation of the 17-hydroxy group. All our attem pts to intercept the cellfree vinorine or 11-m acetylation of freeze dried incubation mixtures gave no evidence for the intermediacy of 17-OH-indolenines. Therefore kinetic experim ents were con ducted in order to obtain an insight into the enzyme mechanism. Such investigations would confirm w hether both substrate and co-substrate are simul taneously bound at the enzyme by form ation of a ternary complex or w hether they successively react with the protein. Because of the instability of 16-epivellosimine the experim ents were carried out with the more stable gardneral as substrate. W hen under standard incubation conditions the velocity of the en zyme reaction was measured at different substrate and co-substrate concentrations resp., the resulting graphs coincided at one point (Figs. 7, 8 ). These data are usually obtained for enzyme reactions involving a ternary complex between enzyme, substrate and co-substrate. The results obtained support the conclu sion that a simultaneous binding of gardneral and acetyl-CoA is a prerequisite for the enzymatic form a tion of the characteristic ajmaline C-7, C -17 bond. This suggestion was further substantiated by inhibition studies of the cyclization reaction. Since the alkaloid 11-methoxyvinorine is fairly poorly soluble in water an inhibition of the enzymatic reaction could only be tested with CoA , the endproduct of the cosubstrate. As dem onstrated in Fig. 9 and Fig. 10 , CoA clearly inhibited the vinorine synthase activity. For both substrates a competitive inhibition was observed which is consistent with a enzyme mechanism of a two-substrate reaction. Obviously a mechanism is in volved where both substrates are independently bound at the active site of the enzyme, similar to that reported for the hexokinase reaction [21] . From the discussed kinetic data and with the results of the negative trapping experim ents for the assumed hydroxyindolenine com pound we propose that 17-OH-vinorine is not an isolatable, free inter mediate of vinorine biosynthesis, nor does a second enzyme activity take part in the biochemical process. O ur further aim is the NM R-spectroscopic investiga tion of this particular enzyme reaction to get a fur ther proof of our conclusion.
Vinorine is structurally closely related to vomilenine. Therefore it was interesting to clarify the biogenetic significance of the product of the vinorine synthase reaction for latter alkaloids in the ajmaline pathway e.g. for vomilenine, which only differs from vinorine by a hydroxy group at C-21. Until now a hydroxylation at this carbon by isolated enzymes had not been achieved and we therefore decided to clarify this point by in vivo experim ents. As outlined in the experim ental part, [3H]-or [14C]vinorine was fed to R. serpentina cultures and its metabolism was investigated under different culture conditions. When [3H-acetyl]vinorine was applied to cells grow ing in Linsmaier and Skoog m edium incorporation rates were observed into vomilenine and alkaloids which appear later in the pathway -acetylnorajmaline and acetylajmaline -to an extent of 2 % , 1% and 9% . Feeding of cells cultivated under conditions where vomilenine form ation is enhanced by a factor of about 8 showed 18% incorporation into vomi lenine. These results unambiguously dem onstrate that vinorine is an excellent biosynthetic precursor for these alkaloids. A pparently vinorine is hydroxylated first at C-21 leading to vomilenine, which is then m etabolized to ajmaline as already dem on strated with a crude cell-free system [13] .
Vinorine synthase therefore occupies a central position in the biosynthesis of Rauwolfia alkaloids belonging to the ajmaline group.
Materials and Methods
Cell cultures
Plant cell suspension cultures of Rauwolfia serpen tina were grown in 1-1 Erlenm eyer flasks at 25 °C on a gyratory shaker (100 rpm). Cultures were m ain tained for 9 days in 250 ml Linsm aier and Skoog medium [22] , harvested by suction filtration and stored at -26 °C.
TL C chromatography
Purification and chromatographic identification of alkaloids were carried out on Sil gel thinlayer plates (0.25 mm, Macherey and Nagel) employing the fol lowing solvent systems: A) ethyl acetate/ether/ «-hexane = 2:2:1, B) petroleum ether/acetone/diethylamine = 7:2:1, C) chloroform /m ethanol/am monia = 9:1:0.01.
Spectroscopic methods
UV spectra were measured with a Perkin Elm er 551 S spectrophotom eter using m ethanol as solvent. Mass spectra were recorded on a Q uadrupol instru ment (Finnigan M AT 44 S) in E l mode (70 eV). Optical rotation was m easured in chloroform with a Perkin Elm er polarim eter 241.
Quantitation o f radioactivity
Radioactivity was determ ined by scintillation counting with 5 ml Rotiszint (Roth Company) on a Berthold BF 5000 scintillation counter.
Determination o f the m olecular weight o f vinorine synthase
The relative molecular weight of vinorine synthase was determ ined by gel chrom atography using AcA 54 obtained from LKB (Brom m a, Sweden). 5 ml of the enzyme solution containing 4% glycerol were applied to AcA 54 column (2.3 x 92 cm) which was calibrated with known enzymes; bovine serum albumin (Mr 68000), ovalbumin (Mr 45000), trypsin inhibitor (Mr 21500) and cytochrome C (M r 12500). The synthase was eluted with 50 m M potassium phos phate buffer (pH 7, 10 mM ß-m ercaptoethanol) at a flow rate of 20 ml/h. The enzyme was eluted at 220 ml buffer corresponding to a relative molecular weight of 31000 ± 8 %.
Determination o f the isoelectric p o in t o f the synthase
The isoelectric point of vinorine synthase was determ ined by the chromatofocusing m ethod devel oped by Sluyterman [7] , O f the enzyme 20 ml (25 mM imidazol-HCl buffer, pH 7.5, 10 mM ß-m ercapto ethanol) were subjected to a 0.27 x 17 cm column containing with the m entioned buffer equilibrated polybuffer exchanger (PBE 94).
The synthase was eluted with polybuffer 74-HC1 (pH 4.0, 1:8 diluted, flow rate of 13 ml/h). Vinorine synthase was eluted at pH 4.4 corresponding to its isoelectric point.
E nzym e quantitation
Protein was determ ined by the m ethod of Brad ford [23] using a calibration curve obtained with bovine serum albumin.
A ssay fo r vinorine synthase
Since the substrate of the synthase, 16-epi-vellosim ine, is highly unstable, it was generated from polyneuridine aldehyde by polyneuridine aldehyde esterase, and vinorine synthase was determ ined by standard incubations as follows: 10 nmol poly neuridine aldehyde were incubated in presence of 40 pkat polyneuridine aldehyde esterase (65-fold en riched), 10 nmol [3H-acetyl]acetyl-coenzym A (25 nCi), the enzyme solution containing vinorine synthase in a total volume of 0 .2 ml borate buffer (0.1 m , pH 8.5) for 30 min at 30 °C. The incubation mixture was extracted with 0.4 ml ethyl acetate and 0.3 ml of the organic phase was counted for radio active vinorine.
A ssay fo r acetylajmalan esterase
[3H-acetyl]acetyltetraphyllicine (5.4 nmol, spec, act. 17 |xCi/|imol) was incubated in a total volume of 0.5 ml potassium phosphate buffer (0.1 m , pH 7) with the corresponding protein fraction for 30 min at 30 °C. A suspension of 0.2 ml charcoal (50 g/1) was added and the mixture centrifuged. The radioactive form ed [3H]acetic acid was counted for activity using 0.5 ml of the supernatant solution.
Isolation and purification o f vinorine synthase
For the protein isolation 0.4 kg of frozen culti vated R. serpentina cells were stirred at 0 °C in 0.8 1 potassium phosphate buffer (0.1 m , pH 7.5, 10 m M ß-m ercaptoethanol) for 30 min. The mixture was fil tered through cheese cloth and the filtrate cen trifuged at 20000 x g for 20 min. To the supernatant solution amm onium sulphate was added to yield a final concentration of 70% during 30 min.
A fter centrifugation for 15 min at 4 8 000x g , the precipitated protein was dissolved in 50 ml of the above m entioned buffer and dialyzed for 12 h against 20 m M borate buffer (pH 8 , 10 m M ß-mercaptoethanol).
Purification step
The above protein solution was applied to a D E A E D E 52 column (2 x 25 cm) which was equili brated with borate buffer just m entioned. The col umn was washed with 67 ml of the same buffer and then eluted with a linear gradient from 0-0.5 m KC1 at a flow rate of 50 ml/h. 180 fractions (each 4.4 ml) were collected and tested for vinorine synthase and acetylajmalan esterase. Fraction 103-120 contained the synthase (spec. act. 0.23 nkat/mg, 15.3-fold enrichment) and were combined and concentrated to 12 ml by ultra filtration. Acetylajm alan esterase was localized in fractions 65-92.
The concentrated enzyme solution was applied to gel chromatography (A cA 54 column, 2 .3 x 9 2 cm). Elution of the protein was carried out with 50 mM potassium phosphate buffer (pH 7, 10 m M ß-mercaptoethanol) at a flow rate of 20 ml/h. Combined fractions containing vinorine synthase gave a total volume of 52 ml (spec. act. 0.69 nkat/mg correspond ing to a 46-fold purification of the enzyme).
The enzyme then was chrom atographed on hy droxylapatite (column 1 .5 x 9 cm) using the buffer mentioned above. 40 fractions (each 3 ml) were col lected, fractions 6-26 exhibited the synthase activity (spec. act. 0.83 nkat/mg, 55.3-fold purification). Polyneuridine aldehyde esterase was retained on the column.
Finally the synthase was purified on phenylsepha rose (column l x l l cm, equilibrated with 0.5 m KC1) after the enzyme solution had been brought to a con centration of 0.5 m KC1 by adding solid KC1. The column was eluted with a decreasing salt gradient (0 .5 -0 m KC1) under sim ultaneous linear increase of ethylene glycol concentration (0-5% ). Two hundred fractions of 2 ml were collected. The synthase was found in fractions 70-90 with a spec. act. of 2.4 nkat/ mg protein which corresponds to a 160-fold enrich ment of vinorine synthase. The total yield in this 4 step purification procedure was 57%.
Enzym atic form ation o f vinorine
Polyneuridine aldehyde (5.25 mg, 15 |amol) was dissolved in 50 ml potassium phosphate buffer (0.1 m , pH 7.5), 10 nkat polyneuridine aldehyde esterase (65-fold enriched), acetyl-coenzyme A (12 mg, 15 jimol) and 20 ml of partially purified vinorine synthase isolated from an AcA 54 chrom atography were added. The mixture was incu bated for 60 min at 30 °C. The reaction mixture was extracted with ethyl acetate, the organic solvent evaporated and the residue purified by TLC with solvent system A. Pure vinorine resulted in a yield of 31% (1.5 mg), [a]ß° = 30 ± 3 °C (c = 0.12% CHC13).
Chemical synthesis o f vinorine
Vinorine was synthesized from acetyltetraphyllicine as described by Kiang et al. [24] , Acetyltetraphyllicine (5.6 mg, 16 |imol) was dissolved in 1 ml benzene and an excess (4-fold) of P b(O A c)4 was added with stirring. A fter 60 min the reaction mix ture was extracted twice with H 20 (5 ml). The o r ganic solvent was evaporated and the residue chrom atographed by TLC employing solvent system B. Vinorine was isolated in a yield of 15%.
[a]ß° = 30 ± 3 °C (c = 0.05% , CHCI3). 
Synthesis o f voachalotine aldehyde
For the synthesis of voachalotine aldehyde the cor responding alcohol (voachalotine) was oxidized by a procedure of Corey and Kim [25] . N-Chlorosuccinimide (80 mg, 0 .6 mmol) was stirred for 60 min in 2 ml dry toluene, the unsolved imide was removed by filtration and to the filtrate dimethylsulfide (0.82 mmol) was added at 0 °C. The mixture was then adjusted to -25 °C and with stirring voa chalotine (3 mg, 8.2 (imol) was added. A fter 2 hrs the reaction was term inated with 100 pil triethylamine, 2 ml H 20 and 2 ml diethylether. The organic layer was evaporated and the remaining material chromatographically purified using solvent system C. Voachalotine aldehyde was obtained in a yield of 8 6 
Enzym atic synthesis o f [ ,4C-acetyl/vinorine
In an total volume of 4 ml Tris/HCl buffer (50 mM, pH 8.0) polyneuridine aldehyde (1.5 ^imol) was in cubated for 90 min at 30 °C in the presence of poly neuridine aldehyde esterase, vinorine synthase and 5 (iCi [14C]acetyl-CoA (0.55 nmol). The incubation mixture was twice extracted with 2 ml ethyl acetate and the organic layer chrom atographed on TLC in solvent system A. Elution of the vinorine containing band yielded 0.12 [xmol (yield 22% ) of the [14C]alkaloid (specific activity 9.2 (j,Ci/[xmol).
In vivo feeding experim ent o f / ' H -acetyl j vinorine
To a cell suspension culture (70 ml) of R. serpen tina grown for 7 days in Linsmaier and Skoog medium 15 ^Ci [3H-acetyl]vinorine (0.5 (.imol) were added. A fter 24 hrs cells were harvested, frozen with liquid nitrogen and extracted with 75 ml ethyl ace tate for 24 hrs. The organic phase was separated, evaporated and the residue purified by TLC in sol vent system B and C. Rauwolfia alkaloids isolated were vomilenine, 17-O-acetylnorajmaline and 17-0-acetylajmaline showing incorporation rates of 2 % , 1% and 9% respectively.
In vivo feeding experim ent o f [ ,4C-acetyl]vinorine
A cell suspension culture of R. serpentina (30 ml) grown for 7 days in an alkaloid production medium [26] was fed with 1.0 |iCi [14C-acetyl]vinorine (0.11 pimol) for 2.5 days and worked up as described above. The incorporation rate of [14C-acetyl]vinorine into vomilenine was determ ined to be 18%. Incorpo ration into 17-O-acetylnorajmaline and 17-O-acetylajmaline could not be detected. The identity of the labelled alkaloid (specific activity 8 .8 nCi/|imol) was proved by TLC (5 different solvent systems) and chemical conversion into perakine [27] .
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